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ABSTRACT 
The purpose of the study was to investigate the effects 
of a walk or jog recovery on two-minute run performances and 
the concentrations of blood lactate. 
Eight highly trained nale subjects were selected from 
the Eastern Illinois University Track Team. The test proced-
ure consisted of two, maximal two-minute runs on the track 
for distance, separated by a 30-minute recovery. The recovery 
consisted of a walk at 20-minutes per mile pace or a jog at 
7� to 8 minutes per mile pace. Venous blood samples were 
drawn three minutes after the first run, two minutes prior to 
the second run, and three minutes after the second run. The 
same procedure was followed on the two test days, but the 
recovery method was alternated for each subject. The 
collected blood samples w�re later analyzed by the enzymatic 
process for lactate cc.;mcentration. 
The t-test was implemented to test significant differ­
ences between lactate levels and also between the distances 
run. Pearson Product-Moment Correlation Coefficients were 
used to test the relationship between lactate levels and 
performance values. Lactic acid concentrations and perform­
ances of middle-distance and distance g�ups were compared. 
The findings indicated that the difference in the blood 
lactate levels and the two-minute run performances were not 
statistically significant witp either the walk or jog 
recovery. However, the enhanced performances and reduced 
lactate levels following the jog recovery are noteworthy 
to the competitor or coach. No significant differences were 
determined between the middle-distance and distance groups 
engaged in this study. 
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Chapter· 1 
INTRODUCTION 
Coaches routinely have middle distance runners p erform 
twice during a track meet . Even though "doubli ng" i s  a 
common occurrence, there is a minimal amount of l it erature 
and study dedic ated to this fact . Comp eting i n  more than 
one middle-di st ance event with l imited recovery t ime t riggers 
several i nt eresting physiological phenomena. Margaria (55:3) 
stated that during and after a hard run, an athl ete may be 
near exhaustion because oxidation and glycolysis cannot 
conti nue at an adequate rate causing a depletion of the 
muscl e ATP supp ly . When oxygen consumption is insuff icient 
to meet running needs , lactic acid i s  produced i n  the muscle 
c ell s .  
Lactic acid i s  believed to be one of the l imiting 
factors i n  strenuous exerci s e  since it causes f ati gue. To 
f acilitate further strenuous activity the lact ic acid must 
be removed (Karlsson, 42). 
Removal of the accumul ated lactic acid becomes import ant 
to those athletes who compete in event s  that closely follow 
each other. They must recover efficiently f rom the fi rst 
event to comp ete maximally i n  the second. 
Research has p rovided evidence that lactate removal can 
be accel erated by aerobic recovery. Gisolfi (30) determined 
1 
2 
that wh en an athlete exercises moderately following an 
exhaustive event he will recover more quickly and perform 
better in later events than if he rests th�oughout recovery. 
Several studies have indicated that more effective 
removal of blood lactate is achieved when athletes perform 
aerobic work after competing (19, 24 ,  3 5, 84). 
Thus, it seems reasonable that any excess lactic acid 
concentration not removed by resynthesis and oxidation after 
minimal exercise could affect the performance of a second 
run. 
' 
Statemerit·of the. Problem 
This study was initiated to investigate blood lactate 
concentrations and how they are effected by two maximal, 
two-minute runs, separated by a thirty minute walk or jog 
recovery. 
I 
Null Hypoth esis 
There is no difference in the blood lactate levels or 
the two-minute performances of trained athletes, when the 
runs are separated by a 30 minute walk or jog recovery 
period. 
Need for the Study 
Track coaches and athletes are in need of information 
concerning the physiology of "doubling." There seems to be 
three factors that create a need for the study. 
First, there have been several blood lactate studies , 
but the actual blood lactate concentration and its limita­
tions on maximum performance has been minimal . If the 
lactate concentration is determined to be a hindrance in 
"doubling" then more effective methods should be incorpor­
ated for its removal . 
Secondly, most studies (Astrand et a l ,  3: costill, 15; 
Karlsson, 41;  Nagle et al, 61; Strom, 8 2) have focused on 
prolonged or intermittent (Karlsson et a l ,  42; Keul et al , 
47; Saltin et al, 75; Timson , 8 4 )  exercise, but have not 
studied middle-distance competition. 
3 
Thirdly, most studies have not taken place on the track, 
but rather on a treadmil l  or bicycle ergometer in a labora­
tory . These devices may inhibit an athlete in attaining his 
maximum performance . 
Limitations 
. Possible limitations for this study are: 
The study was limited to eight well trained college 
age distance runners and therefore may not be totally 
representative of all runners .  
Venous blood samples may not be representative of the 
total blood lactate in the body or at the muscle leve l .  
Maximum oxygen consumption and oxygen debt were not 
monitored since the study was performed on the track rather 
than laboratory environment . 
The emotional and motivational factors could not be 
4 
controlled, especially, critical , since each subject ran alone . 
Definitions 
The following words and abbreviations are used through­
out this study . They have been defined in order to promote 
a better understanding . 
Blood Lactate Reduction 
Blood lactate reduction is the decrease in the concen­
tration of lactic acid in the blood due to either oxidation, 
metabolism, or excretion . 
Calories/Kilogram/Minute 
Calories/kilogram. minute is the caloric requirement of 
the body per kilogram of body weight per minute. 
Cannula 
A �annula is an artificial tube inserted into a tube or 
cavity of the body for the purpose of discharging or infusing 
fluid. A cannula is usually associated with laboratory 
animals.  
Catheter 
A catheter is a hollow tube , made of metal , plastic, or 
glass, for the introduction into a cavity through a narrow 
canal.  A catheter is usually associated with human beings . 
" Doubling" 
"Doubling" is the phenomenon of competing in two running 
events during the same track meet. 
5 
Inulin (In) 
Inulin is a carbohydrate , that is not metabolized after 
intravenous injection and is quantitatively excreted by the 
kidney by glomerular filtration only. 
Ki lopond Meter (KPM) 
A KPM is the work accomplished when one kilogram is 
moved one meter against the normal force of gravity . 
Lactate Dehydrogenase (LDH) 
Lactate dehydrogenase is the enzyme that catalyzes the 
reversible reaction of pyruvate to lactate or lactate to 
pyruvate in the presence of coenzyme I .  
Maximum Oxygen Consumption (v02 max) 
Maximum oxygen consumption is the highest oxygen uptake 
the individual can attain during physical work breathing at 
sea leve l .  
Milligram Percent (mg%} 
Milligram percent is the milligrams of solute per 100 
milliliters of solution. 
Millimole (mM} 
Millimole is one one-thousandth of the weight of any 
substance equivalent to its molecular weight. (1.0 mM + 
9. 0 mg%) 
6 
Nicotinamide Adenine Dinucleotide (NAO) 
Nicotinamide adenine dinuclectide is the coenzyme 
involved in the reversible reaction of pyruvate to lactate. 
In its oxidized form ( NAO+ ) it will oxidize lactate to 
pyruvate , in its reduced form (NAOH) it will reduce pyruvate 
to lactate. 
Para-aminohippuric Acid (PAH) 
Para-aminohippuric acid (NH2c6a4 coNHCH2COOH) is used to 
test renal function by its excretion in the urine after 
intravenous injection. It is also to test liver function by 
measuring the extent of its synthesis from oral administra­
tion. 
Perfusion 
A perfusion is a double cannula, one tube is used for 
the inflow and another tube for its escape. 
Radioactive Isotope 
A radioactive isotope is an element which has the same 
atomic number but a different atomic weight , that when 
injected into the body the tagged atoms can readily be 
traced throughout the body . 
Spectrophotometer 
A spectrophotometer is an instrument used to measure 
the light absorbance of a solution . 
Steady State Wor� 
Steady state work is the condition denoting a work 
situation where oxygen uptake equals the oxygen requirement 
of the body. 
Tetanus 
7 
Tetanus is a condition of continuous, tense contracting 
of a muscle, especially when caused experimentally. 
Chapter 2 
REVIEW OF LITERATURE 
Lactic acid has been observed and studied s ince its 
discovery by Berzelius in 1807 (62:41 ) . Many theories in 
regard to lactic acid have been proposed and abandoned, but 
a genuine underst anding of lactic acid r emains ambiguous . 
A generally accepted theor y is that intens e work causes 
muscular fatigue, caused in part, by the production and 
accumulation of lactic acid. 
The following review is to provide a background for the 
topics involved in the pres ent study. This chapter has been 
categorized into the following sections: lactic acid produc­
tion, effects of lactic acid on performance, lactic acid 
removal, and facilitation of lactate r emoval. 
Lactic Acid Production 
When the intensity of physical activity is raised to a 
level at which energy can no longer be provided in sufficient 
quantity through oxidation, the muscles begin to supplement 
:the energy supply by means of glycolysis. The main process 
of glycolysis consists of twelve sequential reactions, begin­
ning with glycogen or glucose as a fuel s ource and culminating 
with pyruvic acid. Under aerobic condit ions , pyruvic acid 
enters the Kreb's cycle and the Electron Transport Chain 
8 
where it is efficiently converted to C02 and H2o, yielding 
ATP . However, if an exercise is strenuous enough to cause 
9 
anoxia, the concentration of NADH rises and converts pyruvic 
acid into lactic acid (Wilkie, 89: 51) . The following equa-
tion represents the final reaction of the anaerobic glycoly-
tic process: 
LDH 
CH3COCOOH + NADH + H
+ �<:::::::;7 
Pyruvic 
acid 
CH3CH (OH) COOH + NAO
+ 
Lactic acid 
Anaerobic glycolysis is inefficient compared with the 
complete oxidation of glucose because it yields only two ATP 
per molecule of glucose, it forms lactic acid, and it utilizes 
carbohydrates exclusively as a fuel sourc e .  However, i t  does 
provide an immediate source of energy when aerobic metabolism 
cannot sustain itself . At a work time of two minutes the 
anaerobic and aerobic power are approximately of equal 
importanct according to Astrand ( 4 : 304 ) ,  however there are 
individual discrepancies. After vigorous exercise, lactic 
acid levels as high as 3 0 0  mg per 1 0 0  cubic centimeters of 
blood (mg% )  have been reported Crescitelli et al (17: 6 30 ) . 
The normal content of lactate in the blood at rest is approx-
imately 10 . 0  mg per 1 0 0  c . c .  of blood (Bock et al, 9; Dill 
et al, 22; Ricci, 71; Timson, 8 4 ) . 
The production of lactic acid appears to occur when the 
oxygen requirements during exercise are not ample (Asmussen 
et al, 2; Bang, 6;  Hill et al, 3 6; Knuttgen et al, 52; 
Margaria et al, 56; Pernow et al , 6 9 )  however some modifica-
1 0  
tions to the lactic acid-oxygen debt relationship have 
recently been suggested (Jorfeldt, 39; Kaijser , 40: Karlsson 
et al, 42; Keul et al, 46;  Mole et al, 59). 
Factors which can influence the production of lactic 
acid are the intensity and duration of the work, the fitness 
level and muscle fiber composition of the individual , the 
climate and the diet . The following studies have been 
compiled to summarize the research pertaining to lactic acid 
procedure. 
The intensity of exercise required to stimulate lactic 
acid production has been determined by heart rate , oxygen 
deficit, percent of maximum oxygen consumption, work load, 
and caloric requirement. 
Wells et al ( 8 7 )  tested six subjects on the treadmill 
to establish a relationship between heart rates and blood 
lactate levels. Wells determined that LA begins to accumu­
late at approximately 120 beats per minute . 
Using eleven highly trained distance runners, Costill 
et al (15)  found that it required an oxygen uptake cost in 
excess of 3.2 liters/minute to stimulate lactate accurnula-
tion. 
Numerous studies have attempted to relate initial 
lactate production with the percent of the subject's v0 max . 2 
Most research has ascertained that lactate accumulation 
emanates at work loads fluctuating from 60-70% Vo2 max. 
(Costill , 15; Hermansen et a l ,  35; Knuttgen, 51; Knuttgen 
et al 52; Londree , 54; Nagle et al , 61; Shephard , 7 8 ) . 
Margaria et al (56) found , after a series of four tests 
of various intensities, the blood lactate level was related 
to the work performed on the treadmill. Their data followed 
the equation: LA = a + bw in which LA is the blood lactate 
concentration, a represents the threshold amount of work need­
ed to produce LA, b �epresents the slope of the line relating 
work to LA concentration and w represented the physical work 
perf ormed . 
Five dogs were exercised on a treadmill in a study per­
formed by Cerretelli et al (12) in which he concluded no 
lactate production occurred below steady state work of approx­
imately 280 calories/kg/min. 
Margaria et al (57) observed no additional lactate 
production when the energy cost fell below 220 cal/kg/min for 
an untrained subject. 
Ricci (71) determined when the energy cost of work 
extended beyond 238 cal/kg/min the lactic acid levels 
increased . 
The duration of the activity also affects lactic acid 
accumulation. Lactic acid was discovered to decline as time 
progressed due to oxidation of the lactate by muscle tissue 
(Asmussen et al, 1; Astrand et al, 3; Bainbridge, 5; Edwards 
et al, 26; Ekblom, 27) . 
According to research, trained subjects are more tolerant 
of excess lactic acid than an untrained individual (Ekblom , 
27; Fox et al, 29; Hermansen et al, 34; Klausen et al, 4 9 ;  
Mole et al, 59) . 
A study by Per Tezch et al (83} determined individual 
muscle fiber composition was related to lactate output. 
Subjects abundant in fast twitch fibers were found to 
accumulate more lactate than subjects with a lesser percent-
age . 
Slightly higher LA levels, after exercise, were detected 
by Kelman et al (45} when the individual sustained a high 
carbohydrate diet. 
Williams et al (90} concluded that lactic acid begins to 
accumulate sooner under hyperthermic conditions . 
Effects of Lactic Acid on Performance 
It is a general consensus that LA is one of the limiting 
factors in strenuous physical activity . It causes fatigue 
and must be removed to facilitate further intense exercise 
(Karlsson et al, 42; Keul et al,  46) . 
--
--
In an experiment by Hermansen (33} , a single subject 
completed 13 maximal bouts of work of various durations . 
Each maximal run was continued until the subject was complete-
ly exhausted . Although the time element differed the 
subject's threshold of exhaustion was approximately 18 rnM 
(162 mg %} of blood lactate indicating that each individual 
has his own tolerance level . 
�strand (4: 297} stated that if successive workloads are 
studied, each serial sample not only reflects the anaerobic 
component of the present load , but also the lactic acid 
effects of the preceeding work loads . Additionally , in 
13 
competitive events where the LA production is substantially 
elevated, the time between competitions should be at least 
one hour to allow time for the blood lactate to return to 
resting values . 
Numerous studies indicate fatigue might be the direct 
result of lactic acid depressing the irritability and con­
tractility of the muscle (Astrand et al, 4:296;  Costill, · 
16�13; deVries, 20: 22; Gould et al 31: 91; Karpovich, 44: 2 31; 
Matthews, 58: 11; Morehouse, 60: 18; Schneider et al, 7 6: 15; 
Tokay, 8 5: 2 9 0 )  and/or a lower pH, caused by the LA, inter­
fering with enzymatic processes (Hill, 27: 2 6 0; Karlsson, 
43: 5 9 8; Keul et al, 46:110; Lehninger, 53: 3 2 6; Osnes et al, 
67: 59; Sharkey, 77: 2 7 ) . Nevertheless, the speed of running 
would be impeded . 
The working skeletal muscles are the primary target of 
fatigue, although others have speculated that the respiratory 
center (Karpovich, 44:2 3 2 ) , nerve endings (Edington, 25: 28 2 ) ,  
cardiac muscle ( Tokay, 8 5: 29 0 ) , and the central nervous 
system, especially the motor area of the cerebral cortex 
(Karpovich 44:231)  are also depressed. 
Lactic acid seems to play a role in the soreness and 
stiffness following strenuous exercise . 
Shephard ( 7 8: 193)  concluded that soreness is caused by 
stimulation of the pain receptors, which may be due to local 
accumulation of lactate and other metabolites . 
Cretzmeyer et al (18: 3 3 )  surmised that muscle ischemia, 
accumulation of metabolites , and the accumulation of fluids . 
1.4 
stimulate nerve endings producing discomfort to the athlete. 
Lactic Acid Removal 
Since, lactic acid is believed to cause fatigue, its 
removal is essential t o  facilitate further maximal exercise. 
I n  1949, Ranunal and Strom (70) tested two subjects on a 
bicycle ergometer to d etermine the optimum recovery for 
lactate removal following a 25-minute period of steady state 
work at 1260 KPM/min. Recovery workloads of O, 5 4 0, 720, and 
900 KPM/min. were then completed. The optimal recovery l evel 
was d etermined to be 720 KPM/min. 
Gisolfi et al (30) examined the recovery processes in 
four physicall y  fit men foll owing exhausting runs on the 
treadmill. The recoveries included rest and aerobic runs for 
30 or 50 minutes . Oxygen debt was measured and venous blood 
saroples were collected at various times throughout recovery. 
The data suggested that l actic acid reduction is greatly 
enhanced by performing aerobic work d uring recovery .  Gisolfi 
stated: 
The results of this study provide a physiological 
basis for the practice of athlet es who have learned 
from experience that if exercise intermittently at 
moderate rates foll owing an exhaustive competitive 
event they will recover more quickly and perform 
better in later events than if they rest t hroughout 
recovery. Such intermittent work might include jog-
/ ging, walking, and resting d uring the period of 
recovery between competitive races. This method of 
hastening recovery f ol lowing severe exercise is 
important in any situation in which men must recover 
quickly between bouts of severe work . 
Seven well trained subjects were examined by Hermansen 
and Stensvold (35) to d etermine the optimal work level for 
.lS 
lactate removal. The subjects performed three intermittent 
treadmill runs, then recovered at O, 30, 60, 70, and 80 per­
cent of the individual's v0
2 
max. Optimal removal of the 
lactic acid was determined to be at 63 percent of the 
subject's v02 max. 
In 1975, Belcastro and Bonen (8) determined the rate of 
lactate removal in seven male, physical education students 
following a six-minute bicycle ergometer ride at 89% Vo2 max. 
Five controlled 30-minute recovery periods at rest, 30, 45, 
60, 80% v02 max. were initiated. Blood samples were taken 
before and after the exercise and every five minutes during 
recovery. Removal rates at 30 and 45% v02 
max. were more 
effective than at rest or exercise at 60 and 80% v02 
max. 
Six trained runners were tested by Bonen and Belcastro 
(10) in order to compare the LA removal rates during recovery. 
Following a one mile run, blood samples were extracted every 
five-minutes throughout a 20-minute recovery period. Three 
different modes of recovery were assigned: Rest, free-jog-
ging, and free-intermittent. Removal rates during the free-
jogging recovery period were significantly faster than during 
the free-intermittent or resting recoveries. 
In 1976, Dykstra (24) tested three male subjects to 
compare lactic acid removal rates during resting recovery 
and at 25, 40; 55, and 70% v02 max/ To elevate the blood LA 
levels, each subject performed an eight minute exercise bout 
on a bicycle ergometer. Finger tip blood was sampled at 
five-minute intervals during the 20-minute recovery period. 
.l6 
The mechanical work, oxygen consumption and heart rates were 
also monitored. Lactate removal was increased with exercise 
• 
at: workloads of 400 to 750 KPM/min., between 27 to 4 7% v0 2 
max, and heart r ates between 105 to 1 60 beats per minute. 
Timso n  (84} investigated the rate of blood lactate 
reduction during three modes of r ecovery in five well-trained 
subjects . Prior to recovery, the s ubjects performed maximal 
intermittent exercise on the treadmill. A 30-minute recovery 
period consisting of inactivity, a walk at four miles per hour 
and jogging at eight miles per ho ur were assigned. Blood 
samples were taken at 5 ,  1 5 ,  and 30 minutes throughout the 
recovery period. The results indicated the eight minute per 
mile jog (57% v02 max} produced the greatest blood lactate 
reduction followed by the walk and seated recovery in that 
order. 
Spitzer (81} tested three college women to determine 
optimum warm-down levels for lactate r emoval on bicycle 
ergometer and a treadmill. The s ubjects performed intermit-
tent work until exhaustion. They then worked at 25, 45, or 
65% v02 
max for a 20-minute recovery period. Blood s amples 
were collected at five minute intervals during r ecovery. The 
heart rate, ventilation, res pir atory rate, bicycle ergometer 
mechanical work and gas collection were monitored and record-
ed every s econd minute throughout the recovery period. The 
study r evealed that lactate reduction o n  a bicycle ergorneter 
was optimum at: 720 KPI-�/niin. , 30. 3 to 42. 8 %  v02 max, and HR 
between 115 and 139 beats per minute. On the treadmill the 
l7 
prime lactate removal rate occurred at between 30. l and 4 2. 4 %  
• 
Vo2 max, and at HR of 104 to 14 6 beats per minute. 
Facilitation of Lactate Removal 
Excretion or metabolism are methods by which lactate is 
removed from the blood. Circulation of the lactate is 
essential for both methods of r emoval s ince the lactate must 
be transported from the production site to the locality of 
metabolis m or excretion. 
Circulation 
In 1938, Newrnan (63) investigated the distribution of 
lactate between tissue and blood. Thirty-six rats were 
exercised by r unning or s wiri.r;iing to elevate the lactic acid 
levels . Lactate concentration was a nalyzed at various times 
following exercis e from blood and from a homogenized amputa-
ted leg. Regar dless of exercise d ur ation (6 to 73 minutes) 
the muscle and blood lactate concentrations did not equalize 
for approxin�ately eight minutes after exercise. 
Observations were made on the distr ibution of blood , 
lactate during work and recovery at three s eparate locations 
by Newton et gl (6 4 ) . The men �erforrr.ed subrnaximal treadmill 
work for 1 4  minutes or maximal .... rork lasting approximately 
five minutes. Blood samples were drawn at frequent intervals 
from the f emoral and antecubital veins and the radial artery 
during and after work. The lactate concentrations at the 
three locations did not reach equilibrium until 1 0-15 minutes 
post exercise. 
. ia 
Diamont et al (21) experimented with four sub j ects to 
determine a relationship between blood and muscle concentra­
tions . The subjects worked on the bicycle ergometer at 
heavy loads for approx imately three minutes until exh austion. 
Muscle biopsies and finger t ip blood samp les were extracted 
before, immediately po st exercise and at 10, 30 and 6 0  
minutes after concluding exercise. Iw.mediately follwing 
exercise, muscle lactate levels were substantially higher but 
both values di d not stabilize until ten minutes following the 
cessation of exercise. 
DiPrampero et al (23) performed 3 0  exp eriments on dogs 
with venous c annulation of the gastrocnemius muscle to 
determine the relationship between lactic acid formation and 
oxygen debt. Electrical stimulation induced muscular contrac­
tions creating bouts of tetani for 0.2 to 1.2 seconds at 
intervals for a total of either one-half minute, one minute, 
or seven minutes . B lood samp les and muscle tissue samp les 
were extracted during ex ercise and the ten minute recovery . 
Blood lactic acid levels reflected muscle tissue levels at 
two to four minutes following exercise . 
Ox idation of Lactic Acid by Muscle Tissue 
Lactic acid is ox idized by muscle tissue, inc luding the 
heart, and is converted into carbon dioxide and �ater. 
Increased phy sical activity has been shown to enhance lactic 
acid removal by oxidation. Studies indicate that the 
majority of the LA is removed by this p rocess . 
H imwich et al (38 ) investigated the contribution by 
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organs other than muscle in metabolizing lactic acid into 
glycogen. The study involved 4 2  cannulated dogs and eight 
catherterized humans performing various combinations of 
intensities and durations of exercise and r ecovery. Frequent 
blood samples displayed limited amounts of lactic acid r emoved 
by the liver and up to 6 6  percent of the LA was recovered in 
the muscle tissue. 
The metabolism of cl3-lactate was s tudied of Omachi and 
Lifson (6 6 )  in the isolated perfused dog gastocnemius. 
Muscular contraction was induced b�1 electrical s timulation 
and lactate concentrations of 1 00-14 5 mg% were reached. 
Isotope cl3-lactate was added to the blood and the r es piratory 
C02 was collected. The results indicated 12-13 percent of 
the respiratory co2 was from the labeled lactate in the un­
stimulated muscle, while 25-29 percent was recovered in the 
exercised muscle. The s timulated muscle provided evidence 
of an increased r ate of lactate conversion. 
Myocardial utilization of lactic acid was one component 
in a s tudy by Carlsten et al (11) . Eighteen s ubjects were 
exercised in a s upine position on the bicycle ergometer at 
loads of 1 00-6 00 KPM/minute. Blood s amples were drawn from 
catheters inserted into the coronary s inus of the brachial 
artery. The results s howed that approximately 33 percent of 
I 
the blood lactate r eaching the heart was extracted and 
metabolized during the most strenuous workloads. 
A s tudy by Jorfeldt (39) was designed to determine if 
lactic acid uptake and LA release occurs concurrently and to 
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measure uptake and determine the quantity oxidized at both 
ten and forty minutes after initiating exercise. A catheter 
was placed in the brachial artery of the 16 male subjects. 
The subjects exercised with hand ergometers at ten KPM/min. 
while cl4 -lactate was infused at the seventh minute of exer­
cise. Both cl 4 -lactate and total lactate were analyzed in 
the blood sampled while cl 4_co2 was measured in the expired 
air. After ten minutes of exercise the oxidation of cl4 -lac­
tate to cl4 -co2 was 38 percent, but increased to 52 percent 
after 4 0  minutes, the r elease of lactate by the muscle was 
greater at ten minutes post exercise. The diffusion of lac­
tate from the muscle to the blood was apparently during the 
first ten minutes following exercise. 
Whereat and Orishirno (88) studied the r egulation of the 
rate of lactic acid oxidation by the heart. Mitochondria 
frepared from the hearts of r abbits were combined with a LDH 
system. The results showed that the labeled lactate was an 
energy source for the mitochondria converting the lactate 
into carbon dioxide. 
Metabolism of Lactic Acid by the Liver 
The liver plays a major role in lactate elimination 
since it is capable of converting lactate to glycogen by the 
process of glyconeogenesis. Although the sympathetic nervous 
system may drastically decrease the hepatic blood flow, the 
liver is still capable of metabolizing almost one-half of the 
total lactic acid removed. 
Cori and Cori (14) examined the metabolic activity of the 
2.l 
liver using 14 fasted rats. Sodium lactate was inj ected into 
the r ats and three hours later were s acrificed to analyze 
their tiss ues . The lactate absorbed by the liver amounted to 
between 40-90 percent which was r etained as glycogen. 
Rowell et al (73) inj ected incocyanine green (!CG) dye 
into six male subjects to determine hepatic blood flow and 
metabolism .  The fasted s ubj ects were exercised o n  the tread-
mill for 6 0-65 minutes at 3. 5 miles per hour and 10 percent 
grade. Blood was sampled from the catheterized s ubjects every 
ten minutes. The liver displayed an average lactic acid 
uptake of 50 mg/min. during exercise. 
Rowell et al (74 ) conducted a s imilar s tudy to determine 
the activity of the liver in r emoving lactic acid under heat 
stress. Indocyanine green (!CG) was continuous ly inj ected 
into the nine male subj ects while exercising on the treadmill 
• 
for 60-70 minutes at 4 5 -95% v02 max. The liver provided about 
50 percent of the total lactate r emoval. The high oxygen 
consumption and low co2 production of s planchnic organs 
s uggests that glyconeogenesis is the most likely fate of the 
lactate r emoved. 
Execretion 
The sweat glands and kidneys have been s tudied en 
:nUJ.lerous occasions as possible lactate excretion sites. 
Exercise diverts blood flow from the kidneys to exercising 
muscles which limits its r emoval ability. Excretion of 
lactic acid by either the kidneys or the sweat. glands is 
minimal. 
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Weiner and van Heymingen (86) exposed two exercising 
subjects to heat for 1.5 to 4 hours. The study was devised 
to quantitate l actic acid eliminated b y  sweating. Chl oride 
and lactate concentrations were monitored in both blood and 
sweat. The concentration of urea in urine was also deter-
mined. Results indicated the quantity of lactate excreted 
in sweat of no real significance. 
Two subjects performed 26 experiments in a study by 
Strom (82) to investigate l actate utilization following 
prolonged work. Workloads on the bicycle ergometer were of 
1260 to 1 4 4 0  KPM/min ranging in duration f rom 25 to 35 
minutes and foll owed by a 30-60 minute resting recovery .  
Urine and bl ood samples were collected during and after 
exercise. The results showed a negligible amount of lactate 
in the urine samples. 
Clearance of inulin (In) and para-aminohippuric acid (PAH) 
were measured after infusion through catheters in 15 male 
subjects at rest and during supine exercise by Grirnby (32) . 
The subjects exercised for 4 5  minutes on a bicycle ergometer 
at workloads of between 15 0-900 KPM/min. A decreased renal 
plasma flow of 30 percent was found during moderate exercise 
and a 55-65 percent reduction during heavy exercise. These 
findings indicate renal circulation is diminished as exercise 
I 
intensity escal ates. 
Yudkin and Cohen (91) investigated the lactic acid 
removal capabilities of the kidney. A 30 percent lactic acid 
solution was infused into ten rats via a cannula. Blood and 
23 
urine s amples wer e extracted for 20-40 minutes by cannula 
and a nalyzed. The contribution of r emoval by the kidney was 
found to be only six percent of the total lactate. 
Summary 
Strenuous physical activity produces lactic acid in the 
muscles that will propagate fatigue. The lactic a cid diffuses 
into the circulatory system and is dispersed throughout the 
body. Removal of the metabolite is essential to facilitate 
further activity. Exercise during r ecovery increases the 
circulation, therefore transporting the lactate to the 
removal s ites at a faster rate. Oxidation by the skeletal 
muscles and heart and metabolization by the liver are the 
major processes and sites r es pons ible for lactate removal. 
Lactate excreted by the kidney and sweat glands are insigni-
ficant. Aerobic exercise following s tr enuous activity 
enhances the lactate r emoval r ates . Optimum workloads for 
lactic acid removal were determined to be between 60-70% v02 
� 
max on the treadmill and a pproximately 40% v02 max on the 
bicycle ergometer . 
Chapter 3 
METHODOLOGY 
The study was designed to investigate the concentration 
of blood lactate and the performances of two , maximal two­
minute runs separated by a 3 0-minute jog or walk recovery. 
The des cription of the subjects , testing procedures , and the 
instruments used in the s tudy are included in this chapter. 
Subjects 
Eight trained male s ubjects from the Eastern Illinois 
University I ntercollegiate Track Team were s elected for the 
study. Four s ubjects were middle-distance oriented, capable 
of running 1:55 -2:00 minutes for 880 yards. The other four 
subjects were distance runners capable of running 9:05-9:3 0 
minutes for two miles. 
Prior to the experimental testing (March 10th & 16th, 
1980), the subjects had trained with the Eastern Illinois 
University Track Team in several indoor meets , so they were 
all comfortable with the level of performance needed. The 
s ubjects were oriented as to the purpose of the investigation 
and to the proper procedure. 
The physical characteristics of the s ubjects have been 
presented in Appendix A. 
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Testing Procedures 
Each subject executed two, maximal, two-minute timed 
runs on each test day. The two test days were five days 
apart; utilizing the indoor 220 yard Chevron track and the 
Human Performance Laboratory in the Lantz Building. 
Pre-Test Run Procedures 
The subjects were allowed a 20-minute warm-up consisting 
of jogging, stretching, and "pull-outs'' on the track. Eating 
and resting procedures were to be continued normally. 
Test Run Procedures 
The test run procedure consisted of a two-minute maxi­
mal run (R1) for distance on the track. After a 30-minute 
recovery the subjects performed another two-minute maximal 
run (R2) for distance. The distances covered were measured 
after each run to the nearest 0.33 yard and recorded. Split 
times were read aloud at each lap to provide information and 
self-motivation since each subject ran alone. 
In order to separate the test days, the blood samples (LA) 
and the test runs (R) have been labeled by the recovery method 
employed that day. The series using the walk recovery are 
labeled C�n and the series employing the jog recovery are 
labeled {J). 
Recovery Procedures 
All recovery periods between R1 and R2 were 30-minutes, 
and the recovery activity was pre-determined for each subject. 
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One recovery procedure consisted of a walk (W} at 20-minutes 
per mile pace. The other recovery procedure consisted of a 
jog (J} at 7:30 to 8:00 minutes per mile pace. To avoid 
biased results, the alternate recovery patterns were randomly 
assigned to the middle-distance and distance running groups. 
The exact test and recovery procedures employed has been 
placed in Appendix B. 
Blood Sampling and Analysis 
Three, three cubic centimeter venous blood samples were 
drawn from each subject on both testing days to determine the 
concentration of lactate in the blood. The first sample (LA1} 
was taken three minutes afte� the first run. Sample #2 (LA2) 
was extracted two minutes prior to the second run and sample 
#3 (LA3} was drawn three minutes after the second run. The 
samples were later analyzed for lactic acid concentration by 
enzymatic analysis using the method described by Sigma 
Technical Bulletin (79) employing a Hitachi Perkin-Elmer 139 
UV-VIS spechtrophotometer. A complete description of the 
analysis is presented in Appendix C. 
Data Analysis Technique� 
Eight volunteer subjects were "tested two separate days 
on the track using two different modes of recovery. 
The data was examined as an entire group and as a 
separated group of middle distance to distance runners. The 
t-test and the Pearson Correlation Coefficient were computed 
to determine whether there were any statistically significant 
2 7  
differences o r  relationships . These methods were employed 
because of the small number of subjects, and instances where 
it was impossible to obtain blood samples on all subjects . 
Computations were performed in the Computer Services Depart­
ment on an IBM 3 7 0  computer .  
The . 05 level of confidence was established to demon­
strate statistical significance. The critical values to 
determine statistical significance were obtained from 
Ferguson (28: 4 0 6  & 413 ) . 
Chapter 4 
ANALYSIS OF DATA 
This study was conducted to investigate the effects of 
walking and jogging as methods of lactate removal between two 
strenuous anaerobic bouts of work, 2-minute runs . The 
distances in both efforts were compared and consideration 
was also given to the type of long range training program of 
the subjects . 
This chapter has been categorized into the following 
areas: interpretation of data, two-minute run performances, 
blood lactate values, relationships between lactate and 
performance, comparison of middle-distance and long­
distance runners, and discussion of results. 
Interpretation of Data 
The distances obtained in the two-minute runs were 
measured and recorded to the nearest 0.33 yard. The blood 
lactate values were expressed in milligrams percent (mg%}. 
The following symbols used commonly in this chapter include: 
.R - Run; LA = Lactic acid blood sample; l,�1l, refers to the 
run or sample number; W = walk recovery; J = jog recovery; 
( e . g . }  WR1 = first run during walk recovery series . 
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The raw data and means for the subject's performance and 
blood lactate concentration measurements have been presented 
in Table I. The means, correlations, and t-test val ues of 
interest to the study can be found in Appendix D. 
Two-Minute Run Performances 
Performance measurements were monitored for each two­
minute run. The mean values of these measurements have been 
placed in Figure 1 .  
On the day the subject performed the walk recovery the 
mean performance for R2 was 812.88 yards and the day the jog 
recovery was performed the subject's mean performance for R2 
was 822.71 yards. The distances run following the walk and 
jog recovery were not significantly different. 
Blood Lactate Val ues 
Blood lactate concentrations {mg%) were quite variable 
as can be seen in Table I. 
The mean l actate value just prior to the second run ' 
following the walk recovery (WLA2} was 25.S mg%. Just prior 
to the second run, the post-jog recovery mean lactate {JLA2) 
value was 6.5%. The mean data values have been presented in 
Figure 2. The results indicate the blood lactate concentra-
tions following the jog recovery were significantly {P <: .02) 
lower than the l actate concentrations following the walk 
recovery. 
The initial and tertiary blood lactate concentrations 
Recovery 
Subject Test Date Method 
(JO min ) 
P.E. 1 3/10 Walk 
2 3/16 Jog 
T .F. 2 J/10 Jog 
1 3/16 Walk 
M.K. 2 3/10 Jog 
1 3/16 Walk 
M.S. 1 3/10 Walk 
2 3/16 Jog 
P.L. 1 3/10 Walk 
2 J/16 J ocr r.> 
J.M. 1 3/10 i-lalk 
2 3/16 Jog 
J • T • 2 3/10 Jog 
1 3/16 Walk 
J. '..J. 2 3/10 Jog 
1 3/16 •·alk 
Table I 
Data on Blood Inctate Levels and Performance 
levels for Each Sub.iect 
LA Sample #1 LA Sample #2 LA Sample #J 
(after R1 ) ( prior to �) ( after R2) 
mg% mg% mg% 
167 * 111 
108 13 157 
83 0 88 
96 7 78 
49 12 97 
147 * * 
125 35 * 
95 1 102 
94 10 84 
85 6 61 
141 56 132 
155 15 113 
119 0 101 
86 28 85 
100 5 94 
')2 17 104 
*unable to collect venous blood sample 
Distance Run #1 Distance Run #2 
( yds in 2 min ) (yds in 2 min ) · 
/I 
827.JJ 819.33 
840.33 844.00 
812.00 811. 33 
816.67 792.33 
818.00 823. 00 
851.33 848.00 
869.00 846.J3 
833.33 830.67 
788.33 779.00 
799.67 785. 67 
867.00 835.67 
864.33 859.33 
797.67 801.67 
765.67 751. 33 
828.67 826.oo w e26. 67 831.00 0 
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Average Lactate Levels 
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revealed no significant differences . 
Relationships Between Lactate and Performance 
Figure 3 illustrates some relationship between lactate 
levels and distances run. Pearson Correlation Coefficients 
were implemented to determine if there was a significant 
relationship between blood lactate levels and the perform-
ance values . The correlations of +.4 6 8 1  between WLA2 and WR2 
and the correlation of +.6321 between JLA2 and JR2 were not 
significant at the .05 level of confidence . 
Comparison of Middle-Distance 
and Distance Runners 
The subjects were categorized into middle-distance and 
distance runners in order to study differences in performances 
and the lactate levels for the two groups. The categorizing 
of the groups may not be well-defined or distinct because 
their range of competitive events are not limited to one 
event .  Each subj ect ' s  best performance in competition can 
be found in Appendix A .  
Difference i n  Per formance 
Difference between the performances of middle-distance 
and distance runners were found not significant at the .05 
level . The mean performance values for the two groups are 
shown in Figure 4 .  As might be expected , the middle-distance 
runners ran farther in each trial than the distance runners. 
Difference in Lactic Acid Concentration 
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The lactic acid concentration values of each group were 
also compared. The mean values of the lactic acid concentra­
tions are displayed in Figure 5 .  Again the groups were not 
significantly different at the . 05 level and no pattern of 
the mean values could be established. 
Discussion of Results 
The accumulation of lactic acid in muscle during stren­
uous physical activity may play a role in the development of 
fatigue (Astrand et a l ,  4 ;  Pernow et a l ,  6 8 ) . Therefore, the 
removal of lactic acid becomes vital to those athletes who 
compete in two events with only a short recovery period be­
tween events. The athlete must ef fectively recover from the 
first in order to compete maximally in the second (Gisolfi et 
a l ,  3 0 ;  Karlsson et al , 4 2 ; Keul et al , 48) . 
Many previous investigations (Belcastro et a l ,  8 ;  Davies 
et a l ,  19; Gisolfi et al , 30; Hermansen e t  al , 35; Timson , 84) 
have demonstrated that lactic acid removal occurs more rapidly 
during continuous aerobic recovery . The results in the 
present study concur with the previous studies . The mean 
blood lactate concentration following the jog recovery (JLA2 ) 
was 31 percent lower than the concentration fol lowing the 
walk recovery (WLA2 ) • 
I n  the present study the ability to perform the second 
run equally with the first was dependent on the type of 
recovery . After the walk recovery the decrease in perform­
ance of the second run (WR2 ) was 1 . 6 5 percent and after the 
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jog recovery the decrease in performance (JR2) was only 0.19 
percent. The lactate levels were lower and the majority of 
performances better following the j og recovery. 
When the middle-distance and d istance runners were 
compared , the results indicated no sifnificant differences 
in their performances o r  lactate values. Why there were no 
experimental differences between the two g roups cannot be 
ascertained . The idea that the middle-distance runners 
perform the activity more anaerobically while the d istance 
runners perform the activity more aerobically is not supported 
by the blood lactate data. The lack of d ifferences may be, 
because the training programs of these subjects did not 
deviate radically. 
In surrunary, it was fo und that a higher lactic acid l evel 
retards the performance. The relationship was not statistic­
ally significant, however a mean difference of 10 yards is 
significant in competition. Coaches and competitors are 
always searching for a technical advantage. The most effec­
tive method of lactate removal was concluded to be a contin­
uous aerobic recovery exercise. 
Chapter 5 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Summary 
The study was conducted to investigate different blood 
lactate levels and the affects on two-minute run performances 
of trained athletes , when the runs are separated by a 30-
minute walk or j og recovery period. 
A review of the related literature indicated that the 
accumulation o f  lactic acid is determined by the intensity 
level of the physical activity. The enhancement or inhibition 
of the removal of the lactic acid depends upon the method of 
recovery. In previous studies a continuous aerobic recovery 
. 
at 6 0 - 7 0 %  v02 max . was the optimum workload for lactate 
removal. Circulation is increased by exercise which trans-
ports the lactic acid a·way from the production centers td 
the removal centers. The majority of lactate removal is by 
oxidation in the muscles and resynthesis in the l iver. 
The eight highly trained distance runners from the EIU 
Track Team were oriented to the procedure and quite comfort­
/ 
able with performing on the track. 
The test procedure consisted of two , maximal ,  two-
minute runs separated by a 3 0-minute walk or jog recovery 
period. Three minutes following the first run a blood 
3 9  
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sample was drawn . After the 3 0-minute recovery a second 
blood sample was taken and the third blood sample was extrac­
ted three minutes after the second run. All blood samples 
were analyzed for lactic acid concentration. This procedure 
was used two separate test days with the jog or walk recovery 
method alternated for each subject . 
The data was analyzed for s ignificance by using a t-test 
and Pearson Product Movement Correlation Coefficients . 
Conclusions 
Based on the results of this study , the null hypothesis 
is accepted which is the basis for the followi�g conclusion s .  
Blood lactate concentrations nor the two-minute run 
distances were significantly different following the 3 0 -
rninute walk o r  jog recovery . 
Recommendations 
The following recommendations appear justified based on 
the experience gained from this study : 
1 .  A larger sample o f  subjects should b e  tested to 
provide more data. 
2 .  A study could be conducted usi�g the muscle 
biopsy technique to determine what is occurring at the 
cellular level. 
3 .  A study could be conducted employing different 
recovery methods to enhance a subsequent performance . 
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APPENDIX A 
PHYSICAL CHARACTERISTICS OF SUBJECTS 
Years of Height Weight Best 
Subject Age (cm) (kg) Perf . /Dist . 
PE (18 . 90)  17 2 . 7  6 3 . 6  3 : 5 6 . 3/1500 meters 
4 : 16 . 3/mile ( I )  
TF ( 2 0  . 12 }  1 8 8 . 0  7 0 . 5  2 : 1 9 � 3 8/1000 yds . ( I )  
MK (18 . 92 )  172 . 7  6 1 . 4  1 : 53 . 9/880 yds . 
MS ( 2 0 . 8 5 ) 1 7 6 . 5  6 8 . 6  1 : 5 6 . 6/800 meters 
PL ( 18 . 57 )  180 . 3  59 . 0  9 : 3 9 . 9/2 miles ( I )  
JM ( 18 . 7 4 )  17 5 . 3  56 . 4  9 : 3 6 . 6/STCH 
JT ( 2 1 . 19 )  17 7 . 8  6 3 . 6  9 : 2 2 . 5/2 miles ( I )  
TW ( 18 . 4 8 )  175 . 3  6 1 . 4  9 : 0 3 . 1/2 miles ( I )  
MEAN 19 . 47 177 . 32 5  6 3 . 0 6 2 5  
Program 
Warm-up ( 2 0  min) 
Run-R1 _ ( 2  min} 
Recovery* ( 3 0  min} 
Blood Sample-LA1 
Blood Sample-LA2 
Run-R2 ( 2  min) 
Blood Sample-LA3 
Recovery (on own) 
APPENDIX B 
Test Procedure 
*Recovery varied-Walk (W} or Jog (J) 
Minutes 
00-19 
20-22 
22-51 
25-26 
52-53 
54-56 
59-60 
50 
APPENDIX C 
Blood Analysis 
Reagents* 
1 .  8 %  perchloric acid-HC10 4  (Reagent H )  
2 .  Glycine buffer, with hydrazine pH= 9 . 4  (Stock #826-3) 
3.  Lactate dehydrogenase-LDH (826-6) 
5 1 
4 .  Nicotinamide adenine dinucleotide , oxidized form- NAD+ 
( 2 6 0-110) 
5 .  Deionized water 
Procedure 
1 .  Inunediately after the blood samples were drawn, one 
milliliter (ml} of fresh whole blood was pipetted into 
a culture tube containing two ml of cold 8% HC104 . 
2 .  The cap was then placed on the culture tube and the 
solution was shaken vigorously and placed in the 
refrigerator and stored at 4°c . until ready for further 
analysis . 
3 .  When the tubes were ready for further analysis they 
were removed from the refrigerator and placed in the 
centrifuge and allowed to spin for at least five minutes . 
4 .  The supernatant was then removed with a transfer pipet 
and placed in a clean culture tube . 
5 .  A cocktail was then prepared by mixing eight ml of 
deionized water with four ml of glycine buffer, 0 . 2  ml 
of LDH and ten milligrams of pre-measured NAD+ . This 
quantity of cocktail was sufficient to analyze four 
samples . 
6 .  The reaction was set up in a clean culture tube by 
adding 0 . 1  ml of the supernatant and 0 . 1  ml of deionized 
* Purchased from Sigma Chemical Company , ' P .  O. Box 14508, 
St. Loui s ,  Missouri 63178 
5 2  
H2o to 2 . 8  ml of the cocktail . 
7 .  A reagent blank was prepared by adding 0 . 1  ml of 8% 
HC104 and 0 . 1  ml of dionized water to 2 . 8  m. of cocktai l .  
8 .  A reaction tube was also set up using a standard lactate 
solution of 4 0 . 0  milligrams per 100 ml (mg%) following 
the same procedure as the blood sample reaction test 
tubes . 
9 .  After all of the reaction tubes had been set up they were 
taken to the Biochemistry Laboratory at Eastern I llinois 
University. 
1 0 . They were al lowed to stand at room temperature for a 
period of one hour to allow the reaction to be carried 
out to completion. 
1 1 .  The Hitachi Perkin-Elmer 1 3 9  Spectrophotometer was set to 
read infinity on the absorbance scale before it was turned 
on. It was then turned on and allowed to warm up . 
1 2 .  The reagent blank was then placed in the spectrophotometer 
and the absorbance through the solution was set to read 
zero, at a wave-length of 3 4 0  nanometers . 
1 3 .  The standard lactate solution was then placed in the 
spectrophotometer . The purpose of the standard solution 
was to make sure that the enzyme (LDH) was active . If 
the absorbance read . 305 the enzyme was active. 
14 . The light absorbance of the sample solutions were then 
measured . 
1 5 .  The absorbance reading was then multiplied by 131** 
to obtain the lactate concentration in milligrams 
percent (mg% ) • 
* *  9 0  (total dilution) X 
. 2  NADH at 3 
(molecular wt . of LA) 
6200 MEC 0 0 X 0 - 131 
(mg NADH) 
Variable Means S . D. x Dif f 
WLA2 2 S . S  1 8 . 338 
to 2 1 . 0  
JLA2 4 . S  5 . 7S3 
WR2 8 1 2 . 87 35.051 
to 9 . 84 
JR2 822 . 71 23. 338 
WLA2 
to 
WR2 
JLA2 
to 
JR2 
* sign. at . OS 
APPENDIX D 
Means , t-test and Correlation Values 
Critical 
S . D .  S .E .  Corr. Value 
. 7S4 
15.388 6 . 282 . 628 at 
.os 
* .666 
24 .S81 8 . 691 • 71S at 
. OS 
Pearson . 7S4 
. 4681 at 
.os 
Pearson .666 
. 6321 at 
. OS 
t Critical 
Value Value 
* 2 . S71 
3 . 34 at 
. OS 
2 . 36S 
1 . 1 3  at 
. OS 
Degrees 
Freedom 
5 
7 
6 
8 
V1 
w 
VITA 
VITA 
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